diagnosis of radiological pneumonia or hypoxaemia, or both, at high altitude (2640 m above sea level), 200 children aged 7 days to 36 months presenting to an urban emergency room with cough lasting less than seven days were studied. Parents were interviewed and the children evaluated using standard forms. The results of chest radiographs and pulse oximetry obtained after clinical examination were interpreted blind. Radiological pneumonia and haemoglobin oxygen saturation <88% were used as 'gold standards'. One hundred and thirty (65%) and 125 (63%) children had radiological pneumonia and hypoxaemia respectively. Crepitations and decreased breath sounds were statistically associated with pneumonia, and rapid breathing as perceived by the child's mother, chest retractions, nasal flaring, and crepitations with hypoxaemia. The best single predictor of the presence of pneumonia is a high respiratory rate, although the results are not as good as those reported by other studies. A respiratory rate ¢50/minute had good sensitivity (76%) and specificity (71%) for hypoxaemia in infants. Hypoxaemia had a good sensitivity and specificity for pneumonia mainly in infants (83% and 73%, respectively). Logistic regression analysis showed that decreased or increased respiratory sounds and crepitations were associated with pneumonia, and that hypoxaemia is the best predictor when auscultatory findings are excluded. These results suggest that some clinical predictors appear to be less accurate in Bogota than in places at lower altitude, and that pulse oximetry can be used for predicting pneumonia. About four million children younger than 5 years of age die of pneumonia each year, mainly in developing countries, where mortality from acute respiratory infections is up to 26 10 The only published study conducted at high altitude found that the respiratory rate was not a good parameter for predicting radiological pneumonia, and that the presence of hypoxaemia detected by pulse oximetry was a better predictor than the physical findings.'1 One potential explanation for these results could be the higher respiratory rate observed in normal children living at high altitudes in response to the lower oxygen partial pressure. 1' Pulse oximetry is a non-invasive and accurate method of measuring the saturation of haemoglobin with oxygen (Sao2).12 13 Two published studies conducted at high altitude used this system to assess the relation between individual clinical signs and hypoxaemia in children with pneumonia, and found that a low Sao2 can predict the presence of pneumonia more accurately than the physical examination,11 and that a mother's report of cyanosis ('blueness') was the best single predictor of hypoxaemia in young infants.14 Other workers have recognised the limitations of clinical signs for identifying hypoxaemia in children with pneumonia. 15 The goal of this study was to determine how helpful signs and symptoms were in predicting radiological pneumonia or hypoxaemia detected by pulse oximetry, and the usefulness of hypoxaemia in the diagnosis of the presence of any kind of infiltrate (alveolar or interstitial) in the chest radiograph of this group of symptomatic children was considered as pneumonia. To determine whether the diagnostic characteristics of the clinical predictors evaluated changed in accordance with the radiological pattern, however, a second analysis was performed, considering pneumonia only in those patients with alveolar infiltrates.
Sensitivities (the proportion of children with positive findings among those with confirmed radiological pneumonia or hypoxaemia) and specificities (the proportion of children without positive findings among those without radiological pneumonia or hypoxaemia) were calculated for each symptom and sign. To determine the best cut off point for continuous variables (that is, respiratory rate), sensitivities and specificities were obtained for each cut off value and these results were used to construct receiver operator characteristic curves. 20 Children who were crying during the physical examination were excluded from the respiratory rate evaluation, but were included for the assessment of all other clinical manifestations. The use of pulse oximetry for predicting pneumonia was evaluated by obtaining the sensitivity and specificity of hypoxaemia for predicting radiological results. Similar analyses were performed for the group of infants and for children older-than 12 months. X2 Analysis was used to assess the statistical association of each sign with radiological pneumonia or hypoxaemia.21 Finally, the independent association of each clinical finding with pneumonia or hypoxaemia was evaluated using logistic regression analysis.22
Results One child had to be excluded due to intense vascular collapse secondary to septic shock that produced no readings during the pulse oximetry assessment, and 28 (14%) more who were crying during the physical examination were excluded from the respiratory rate assessment. Table 1 summarises the main baseline findings of the 200 subjects finally included in the study. The mean (SD) duration of cough before the evaluation was 3-6 (2.0) days. In 179 patients (89-5%) the paediatrician on duty Table 2 shows the sensitivity and specificity of symptoms obtained from the mother for the diagnosis of pneumonia or hypoxaemia. As far as the diagnosis of pneumonia is concerned, none of the manifestations evaluated has simultaneously adequate sensitivity and specificity, although some showed high sensitivity. -Similar results were observed for predicting hypoxaemia. The analyses in accordance with age and with different definitions of radiological pneumonia did not modify these results. Table 3 gives the sensitivities and specificities of the physical findings. Both the presence of crepitations and of decreased breath sounds had a good discriminative capacity for the diagnosis of pneumonia (p<000001), the former with adequate sensitivity and fair specificity and the second with poor sensitivity but a high specificity. These findings did not change when the analysis was repeated in accordance with age and the radiological definition of pneumonia. In the diagnosis of hypoxaemia, the presence of retractions, nasal flaring, crepitations, or decreased breath were associated with a low Sao2 reading (p<0001), but showed poor sensitivity or specificity, or both. Table 4 presents the sensitivity and specificity of several respiratory rate cut off points for the diagnosis of pneumonia and hypoxaemia according to age. In infants the lowest rate of false diagnoses for radiological pneumonia and hypoxaemia were observed with a respiratory rate ¢50/minute, whereas for older children the best cut off point for the two disorders was ¢40/minute. The results obtained for the diagnosis of hypoxaemia were slightly better than those observed for radiological pneumonia in the two age groups. The presence of a low Sao2 was an adequate predictor of pneumonia in infants, with a sensitivity of 83% and a specificity of 73%. The usefulness of hypoxaemia for older children was less adequate, however (sensitivity 70%, specificity 43%). The figures for the two age groups combined were 730/0 and 57%°, respectively. The results of the analysis using different Sao, cut off points were similar to those obtained with the threshold of 88%.
To assess the statistical association between the studied clinical predictors and the diagnosis of pneumonia or hypoxaemia, several multivariate models were fitted using logistic regression analysis, in which various combinations of symptoms and signs were used as independent variables and the presence of pneumonia or hypoxaemia were the dependent variables. With respect to the diagnosis of pneumonia, the first model, in which all independent variables were used, showed that only some auscultatory findings (decreased breath sounds, increased transmission of respiratory sounds, and crepitations) were independently associated with pneumonia (likelihood ratios of 6-3, 3-9, and 3-7 respectively). A second model using the forward stepwise method (which allows the assessment of the contribution of each independent variable when added one by one to the model)22
selected the same set of variables included in the first model. Finally, as not all cases of acute respiratory infection are evaluated by medical staff, a third model assessed only some clinical manifestations that can be evaluated by workers with limited training. When all auscultatory signs were excluded, the presence of hypoxaemia or fever had an independent association with the radiological pneumonia (likelihood ratios 3-3 and 3-0 respectively). The inclusion of the respiratory rate in all these models did not improve their predictive value. The same strategies were used to evaluate the association of all independent variables with hypoxaemia. All three models selected several clinical signs that can be obtained by nonmedical but well trained staff (chest retractions, nasal flaring, and grunting). Neither the inclusion of the respiratory rate nor of symptoms as perceived by the mother improved the predictive capacity of these models. None of the physical signs assessed in our subjects had adequate sensitivity and specificity simultaneously; however, the presence of crepitations or decreased breath sounds showed a statistical association with radiological pneumonia. On the other hand, our findings confirm that the best single predictor of the presence of radiological pneumonia is a high respiratory rate, although its sensitivity and specificity are not as good as those reported by other workers at lower altitudes. In the group of infants, a respiratory rate ¢50/minute had a sensitivity of 70% and a specificity of 58%, lower than the figures reported by Cherian et al (89% and 92% respectively).7 Similar results were observed in the group of children between 12 and 36 months of age, in whom a respiratory rate ¢40/minute had a sensitivity of 68% and a specificity of 52% (82% and 88% in the study of Cherian et al respectively). These findings reduce the value of a high respiratory rate as an isolated sign for identifying children with pneumonia at high altitude. The sensitivity and specificity of tachypnoea in our group, however, are higher than those reported by Reuland et al in Peru at 3750 m above the sea level.1' These workers found that none of the respiratory rate cut off points evaluated had adequate sensitivity and specificity for predicting radiological pneumonia.
There are at least two potential explanations for the differences between our findings and those of other studies. Firstly, the higher respiratory rates observed in normal children living at high levels above the sea, in response to the lower oxygen partial pressure, might reduce the diagnostic accuracy of tachypnoea at high altitudes. In fact, 41% of healthy infants evaluated in Peru had a respiratory rate above 50/minute. Several studies conducted in developed countries have used chest radiographs as the gold standard. Leventhal studied 136 children with fever or respiratory symptoms who attended the emergency room of one US university hospital, 26 (19%) of whom had radiological pneumonia.23 The presence of tachypnoea (not defined in the paper) had the highest sensitivity (81%) and a specificity of 60%. Zukin et al found that the presence of fever had the highest sensitivity (94%) but a low specificity (36%) in a similar study that included 125 children (18 cases of radiological pneumonia).24 Grossman and Caplan found that no single symptom, sign, or laboratory test had a good sensitivity and specificity for predicting radiological pneumonia in 155 American children, and that the general impression obtained by the doctor was more useful than any other sign (sensitivity 80%, specificity 68%).25 Finally, Steinhoff et al found that no isolated sign could predict the presence of radiological pneumonia in children under 5 years of age living in Baltimore (M C Steinhoffet al, unpublished results). The use of chest radiographs at sea level in Swaziland and the Philippines by Mulholland et al resulted in sensitivities and specificities that are higher than those found here, but that are not as good as those reported by studies without radiological diagnosis.8
Most cases of pneumonia in developing countries are produced by bacterial agents. '9 This, alone with the difficulties in establishing an aetiological diagnosis based on radiological findings,17 18 led us to define pneumonia as the evidence of radiological abnormalities in the lung in children with clinical manifestations of acute respiratory infection. To determine whether the inclusion of patients with interstitial infiltrates (considered less likely to correspond to a bacterial pneumonia) could change the sensitivity or specificity of some clinical findings, a second analysis excluding patients with only interstitial infiltrates was performed. The results obtained were almost identical to those observed when all radiological abnormalities were considered as pneumonia, which suggests that the outcome definition had no influence on the findings.
The results obtained in our population for diagnosing hypoxaemia were similar to those for radiological pneumonia. None of the symptoms described by the children's mothers was a good predictor, although rapid breathing had a good sensitivity (89%) but low specificity (30%). The presence of chest retractions, nasal flaring, or crepitations had a statistical associated with a low Sao, and adequate sensitivities but low specificities. These results did not change when the analysis was repeated stratifying by age. The respiratory rate was also the best single predictor of hypoxaemia, mainly for infants, among whom a figure ¢50/minute had the best sensitivity and specificity. These results, similar to those found by Reuland in Peru,11 are encouraging but imply false positive and false negative rates that are relatively high. One potential explanation for this limitation of the respiratory rate to predict a low Sao, could be the relatively poor response to hypoxaemia described in subjects living at high altitude,26 which can also contribute to the poor utility of this sign to predict radiological pneumonia, as mentioned previously.
One of the most encouraging results in this study is that the presence of hypoxaemia seems to be a better predictor of pneumonia than any clinical manifestation (sensitivity 83%, specificity 73%). These findings are similar to those reported by Reuland in Peru." Although this technique for measuring the blood oxygen saturation is still uncommon in our setting, this may be due to its relatively recent introduction into clinical practice. Given its advantages (high sensitivity, non-invasiveness, validity, and reliability), it is possible that its use in the diagnosis of hypoxaemia and pneumonia will become more popular in the future. On the other hand, the use of pulse oximetry in our study has shown that most patients with pneumonia in Bogota have hypoxaemia, and therefore oxygen is required for treatment in our city and probably in other places at a similar altitude.
Finally, we consider that some caution is required before using our results in different settings. Our high altitude. On the other hand, the presence of hypoxaemia detected by non-invasive methods such as pulse oximetry may be useful for detecting pneumonia, and perhaps for aiding in the decision of ordering chest radiographs for patients with acute respiratory infection. Therefore, the contribution of pulse acute respiratory infection deserves further research.
